where the bar indicates an average. When a timeseries is the sum of a number of harmonic signals with different angular frequencies then ω in equation (6) (2) and (3). When the smoothing time window is much greater than the period of the timeseries, the recursive equation (1) provides an accurate, stable estimate of the predominant period of the signal. If the smoothing time window approaches the period of the signal, the predominant period estimate oscillates about the true estimate. ElarmS uses a 1 s smoothing constant (for 100 sps data α=0.99, for 20 sps data α=0.95). S2 . Plot of the error in the ElarmS event-magnitude estimate as a function of time for the purpose of earthquake early warning. The zero time for each earthquake represents the earliest possible time of damaging ground motion at the surface which is the estimated S-wave arrival time at the epicenter determined using the event depth and a 1D velocity model for southern California (1). Events with a TriNet magnitude of 5 or greater are shown as solid lines, smaller magnitude events are shown with a dashed line. The blue histograms show the frequency distribution of the magnitude estimate errors at each time. Their decreasing width indicates the improvement in the magnitude estimate as time increases. The number of events for which a magnitude estimate is available (labeled "#"), and the average absolute error (labeled "L1"), are given at the bottom of the figure. The error drops to 0.24 and 0.19 magnitude units after 10 and 15 seconds respectively. A subset of 28 events (Fig. 2) was chosen to best represent how ElarmS would operate today given the density of TriNet stations in the more densely populated regions of southern California. Earthquakes at the southern end of the Sierra Nevada and in the Mojave Desert (the Hector Mine sequence of events), where the station density is much lower than south of the San Andreas, where population is highest, are rejected. The Landers and Northridge mainshocks for which there are only two broadband recordings within 100 km are also rejected. 
